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Prof. Chyanbin Hwu

Institute of Aeronautics and Astronautics
National Cheng Kung University, Tainan, Taiwan

Chyanbin Hwu obtained his B.S. degree of Civil Engineering from
National Taiwan University in 1981, M.S. degree of Power Mechanical
Engineering from National Tsing-Hua University in 1985, and Ph.D. degree of
engineering mechanics from University of Illinois at Chicago in 1988. He
joined Department of Aeronautics and Astronautics, National Cheng Kung
University, Taiwan, as an associate professor in 1988, became a full professor
in 1992 and a distinguished professor in 2003, and a chair professor since 2008.
He was elected to be the president of the Society of Theoretical and Applied
Mechanics (R.O.C.) in 2008. He is a fellow of the Aecronautical and
Astronautical Society (R.O.C.), and the Society of Theoretical and Applied
Mechanics (R.O.C.) starting from 2006. He was the recipient of academic
award (Ministry of Education, R.O.C.) in 2014, Sun Fang-Duo medal in 2011,
outstanding research awards (National Science Council, R.O.C.) in 1995-1996,
1998-1999, 2002-2004, and became the outstanding distinguished research
fellow (National Science Council, R.O.C.) in 2005-2012. He served as member
of editorial board for International Journal of Solids and Structures in 2000-
2005, editorial advisor for Journal of Mechanics of Materials and Structures in
2005-2015, and associated editor for Transactions of JSASS (The Japan
Society for Aeronautical and Space Sciences) in 2014-present. His current
research interests include mechanics of composite materials, fracture

mechanics, anisotropic elasticity, and nanomaterials.
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A Unified Formalism for Boundary Element Analysis of
Anisotropic Materials

Chyanbin Hwu

Institute of Aeronautics and Astronautics, National Cheng Kung University,
Tainan, Taiwan, R.O.C.

Abstract

Stroh’s formalism provides a unified mathematical expression for
different kinds of problems and materials. This unified feature really benefits
the development of boundary element method (BEM), because slightly
changes of computer codes will make it suitable for various kinds of problems
and materials. The BEM developed by this way can easily cover the elastic
analysis of two-dimensional (includes plane strain, generalized plane strain,
and generalized plane stress), plate bending, coupled stretching-bending, and
three-dimensional deformations. It can also be extended to the piezoelectric,
piezomagnetic, magnetic-electro-elastic, viscoelastic materials, and the ones
under thermal environment. If a special fundamental solution is embedded in
the associated boundary integral equations, the meshes along the special
portion of BEM can be exempted, which will increase the accuracy and
efficiency of computation. Currently, the available special fundamental
solutions include the ones for infinite space, half space, interfaces, holes,
cracks, and inclusions. Combining the use of special fundamental solutions and
our recently developed boundary-based finite element method, the problems
with multiple holes, cracks and inclusions can then be solved in an efficient
and accurate way. Based upon the above concept, the BEM is also further
developed for the dynamic analysis and contact analysis by using only static
fundamental solutions. Thus, a simple “unified” really achieves a “broaden”
task by BEM.
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# + & (Judy P. Yang) #=

Department of Civil Engineering
National Chiao Tung University (NCTU), Hsinchu, Taiwan
Email: jpyang@nctu.edu.tw

Education:
PhD, Department of Civil and Environmental Engineering,
University of California, Los Angeles (UCLA)
MS, Department of Civil Engineering, National Taiwan University, Taipei, Taiwan

BS, Department of Civil Engineering, National Taiwan University, Taipei, Taiwan

Experiences:
2019/8-present: Professor, Civil Engineering Department, NCTU, Taiwan
2016/8-2019/7: Associate Professor, Civil Engineering Department, NCTU, Taiwan
2012/8-2016/7: Assistant Professor, Civil Engineering Department, NCTU, Taiwan

Honors/Awards:

1. Fx+ ®R3E45H € 2019APACM %% %3%—‘5%&

2. MEEAE4 55 ¢ 2018ICACM |4 7 & ?—‘F}fﬁ%

3. ¢ EAREBHIAYF ¢ 2018107 & R)B % § & Bl e

4. 2019 ESI Highly Cited Paper and Research Front: State-of-the-Art Review on
Modal Identification and Damage Detection of Bridges by Moving Test Vehicles.

5. 2018 ESIHighly Cited Paper: State-of-the-Art Review on Modal Identification and
Damage Detection of Bridges by Moving Test Vehicles.

6. Outstanding Reviewer of Heliyon in 2017
7. W22l 820173 A gk
8. WMz XK 20165 & %% REEH
9. Mz ~H 20158 & 5 5 pfrpk
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Travel Award in 2011 US National Congress on Computational Mechanics
International Scientific Advisory Committee of ICCM 2019 (International
Conference on Computational Methods)

International Committee of ICCADP 2018 (International Conference on Civil,
Architecture & Disaster Prevention)

International Scientific Committee of ISBDAS 2018 (International Symposium on
Big Data and Applied Statistics)

Reviewer Committee of ISEV 2018 (8th International Symposium on
Environmental Vibration and Transportation Geodynamics)

Scientific Committee of EASEC-15 (East Asia-Pacific Conference on Structural
Engineering and Construction)

International Scientific Advisory Committee of ICCM 2017 (International
Conference on Computational Methods)

International Scientific Committee of IACM (International Association for
Computational Mechanics) and APACM (Asian Pacific Association for
Computational Mechanics) for WCCM XII and APCOM VIin 2016
PEARSEFE S 38 EEE

Research Interests and Publications:

Dr. Yang’s research direction includes two topics: strong form

meshfree methods for analysis of structural mechanics problems and

advanced FEM for analysis of vehicle-bridge interaction and structural

dynamics problems. She published one book entitled as “Vehicle Scanning

Method for Bridges” in 2019 and one chapter entitled as “Image Based

Multiscale Modeling of Porous Bone Materials” in the book “Multiscale

Simulations and Mechanics of Biological Materials” in 2013. In addition,

Dr. Yang has published 25 SCI papers and 1 EI paper so far. She also serves

as reviewers in 21 international journals.
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boundary, Boundary Element Method
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A multipole accelerated method for regularized boundary
integral Equations

BRA RS F AR

Rzt F1EAF2 55188 %
Abstract

The objective of the present project is to solve the Regularized Boundary
Integral Equation (BIE) with the Fast Multipole Method (FMM) for the 2-D
potential problems. Assume the flow field satisfy the potential theory. Then
apply the trapezoidal rule or Gauss-Legendre rule to evaluate the boundary
integrals. Finally, apply iterative solvers (e.g., GMRES) to solve the equations.
CPU time and the Root-mean-square errors are discussed on different numbers
of Taylor series expansion terms and the number of levels in the hierarchical
structure of the Fast Multipole Method. Compare the CPU time and the Root-
mean-square error in several combinations of the FMM, BIM, and the
Boundary Element Method. The results show that FMM-BIM saves over 80%
CPU time than FMM-BEM if the required root-mean-square error is less than
10-4.

11
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3D BEM Analysis of Anisotropic Materials with Thermal
Effects of Domain Heat Sources

Y. C. Shiah

Department of Aeronautics and Astronautics, National Cheng Kung

University, Tainan, Taiwan, R.O.C.

Abstract

In various engineering applications, anisotropic materials have been
extensively used for different purposes. Among various engineering problems,
anisotropic thermoelasticity is one of the most important issues that have
gained attentions from engineers due to its important role played in engineering
practice. Due to electrical heating or chemical reactions inside domain, the
problem of thermoelasticity involving internal volume heat sources appears to
be an important topic worthy of investigation. Although analytical solutions to
specific thermoelastic problems with simple geometries and boundary
conditions exist, studies of general engineering problems with complicated
geometries and boundary conditions still need to rely on numerical tools, for
instance the finite element method and the finite difference method.

Being recognized as a powerful alternative numerical tool, the boundary
element method (BEM) has been considerably applied in many engineering
disciplines owing to its feature that only boundary discretization is needed.
This is considered a major advantage especially for modeling three-
dimensional problems; however, an additional volume integral shall arise in
the boundary integral equation (BIE) for the presence of internal volume heat
source and its direct integration will generally require discretization over the
entire domain. This domain discretization will certainly destroy the BEM’s
most advantageous feature of boundary discretization. For avoiding the direct
integration, a couple of numerical approaches have been proposed over the
years, including the domain fanning approach, the particular integral approach,
the dual reciprocity method, the analytical transformation method, the radial
integration method, and the Cartesian transformation method. Another scheme
to avoid direct evaluation of the domain integration is to treat the problem as a
special class of coupled thermoelasticity by use of the fundamental solutions
for particular classes of uncoupled cases. For avoiding direct integration of the
domain integral, Sladek et al. also presented an iterative approach. Among

12
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these approaches mentioned above, the ATM is perhaps the most
mathematically elegant since the additional domain integral is analytically
transformed onto the boundary without incurring further approximation. In a
similar spirit, the author has also applied the ATM for treating 3D generally
anisotropic solids subjected to inertial loads. Although the ATM has been
applied to solve both 2D and 3D problems of thermoelasticity for isotropic
bodies, its extended treatment to deal with 3D anisotropic cases had not been
successfully resolved until the analytical transformation for 3D cases was
presented by the author for the case when no heat source was involved. Also,
this technique has been applied to the BEM analysis to treat inertial effects in
3D anisotropic elastic bodies. By that approach, evaluation of the extra volume
integral was carried out for an equivalent “isotropic” domain, where the
corresponding thermal field is governed by the standard Poisson’s equation.
Under the same work frame, Shiah and Chong have further implemented this
approach in the analysis of interior thermoelastic stresses for 3D anisotropic
structures. In the approach, the extra volume integral needs to be transformed
onto the distorted boundary; its computation appears to be somewhat tedious.
For avoiding the mapping process, the author presented a direct transformation
approach to analyze thermal stresses in 2D anisotropic materials when no heat
source appeared inside. In light of the fact that internal heat sources are pretty
common in engineering practice due to, for example, electrical heating or
chemical reactions inside domain, the treatment considering the presence of
internal volume heat source is sometimes inevitable. For arbitrarily distributed
internal heat sources, one may always represent the continuous distribution of
heat sources by a quadratic form in terms of coordinates via a statistic analysis
of least square. With the thermal pre-process, the present work is to extend the
previous treatment considering constant volume heat source such that the extra
volume integral arising from internal quadratic volume heat source can be
analytically transformed onto boundary. All formulations presented have been
successfully implemented in the BEM, programmed by FORTRAN based on
quadratic  isoparametric elements. For illustrating the successful
implementation, a few numerical examples are presented with verifications of
FEM analyses in the end.
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A C¥3-valued boundary element method for isotropic-linear
elastic materials

Li-Wei Liu
Department of Engineering Science, National Cheng Kung University
Abstract

A (7?5 -valued boundary integral equations (BIEs) for multiple-
component spatial harmonic functions have been developed. Besides the C£5-
valued BIEs whose observation point inside the domain and outside the domain,
the BIEs whose observation point on the boundary on the boundary have been
derived. Then a C¥;-valued boundary element method (BEM) can be
developed via the discretization of BIEs. Since the oriented surface element is
used, the awkward treatment of normal or tangential vectors and normal or
tangential derivatives is not needed. In this talk, I will review the development
of the C¢;-valued BEM and also examine its performance. The algebraic
systems of C¥3-valued BEM for flat and curved elements will be obtained.
Furthermore, corresponding BEMs will be applied to solve the problems of

isotropic-linear elastic materials and the performance will be demonstrated.
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Study on Variably Saturated Groundwater Flow Using a
Spacetime Collocation Meshless Method

Chih-Yu Liu

School of Engineering, Department of Harbor and River Engineering,
National Taiwan Ocean University, Keelung 20224, Taiwan

Abstract

A pioneer study on numerical modeling of geofluid flow in variably
saturated porous media using the spacetime collocation meshless method is
presented. The numerical solutions are approximated by superpositioning basis
functions satisfying the variably saturated flow equation for collocation points
on the spacetime boundary. The spacetime collocation meshless method, which
differs from conventional collocation methods based on a set of collocation
points in space, is utilized in this study to assign boundary collocation points
in the spacetime coordinate system. The initial and boundary conditions can
be, therefore, treated as spacetime boundary conditions on the spacetime
boundary. Numerical approximations are acquired by superpositioning the
basis functions that automatically satisty the variably saturated flow equation.
The validity of the proposed approach is established for several validation
problems, including the one-dimensional and two-dimensional variably
saturated flow problems. The accuracy of the proposed approach is compared
with that of a conventional time-marching scheme based on the finite
difference method. Results obtained illustrate that highly accurate numerical
approximations may be acquired. Furthermore, numerical errors may not
accumulate over the entire time domain. Application examples of transient
modeling of flow for rainfall-induced landslides in unsaturated porous media
are also carried out. Numerical results demonstrate that the proposed approach
is highly accurate to deal with transient flow in unsaturated porous media for
rainfall-induced landslides. In addition, it is found that the proposed approach
may provide promising solutions for different soil textures. Finally, the
proposed approach is extended to solve the groundwater inverse problems.
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Results show that the boundary data on the absent boundary may be recovered
even when the partial data on the final time boundary are inaccessible. This
pioneering study may provide a promising solution for the transient variably

saturated flow problems. It is expected that the findings observed in this study

may be a fundamental contribution to geoenvironmental engineering.

Keywords: Variably saturated flow, unsaturated porous media, numerical

modeling, spacetime collocation meshless method, inverse problems.
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BEM + MoM for Analysis of Plasmonic Modes
Jiunn-Woei Liaw!?, Yun-Cheng Ku?, Mao-Kuen Kuo*

"Department of Mechanical Engineering, Chang Gung University, Taiwan
’Department of Mechanical Engineering, Ming Chi University of
Technology, Taiwan

3Institute of Applied Mechanics, National Taiwan University, Taiwan
Abstract

In the past decay, several numerical methods have been developed to
study the surface plasmon resonance of metallic nanoparticles (NPs), e.g. the
finite difference time domain method, multiple multipole method [1], discrete
dipole approximation, finite element method [2], and boundary element
method (BEM) [3-5]. In this workshop, we present 3D surface integral
equations (SIEs) of Fredholm’s second kind in terms of surface unknowns
(surface charges and surface currents) derived from Stratton-Chu formulation
for Maxwell’s equations. In these SIEs, the kernel functions are the difference
of Green’s functions of interior and exterior fields. We use the BEM combined
with the method of moment (MoM) to numerically solve these SIEs. Based on
this method, the distributions of surface charges and currents of plasmonic
modes of a metallic NP excited by an incident light are studied. For example,
the plasmonic modes of a silver nanotriangle excited by a normally incident
circularly polarized light are analysed. In addition, the behaviour of the
streamline of Poynting vector in the exterior field is also studied.

Keywords: BEM, MoM, surface integral equations, surface charge, surface
current, Maxwell’s equations, plasmonic modes
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Homotopy method of fundamental solutions for solving
Poisson-type nonlinear PDEs and nonlinear heat conduction
problems

Chia-Cheng Tsai

Department of Marine Environmental Engineering, National Kaohsiung

University of Science and Technology, Kaohsiung, Taiwan
Abstract

In this study, the homotopy analysis method (HAM) is combined with the
method of fundamental solutions (MFS) and the augmented polyharmonic
spline (APS) to solve Poisson-type nonlinear PDEs and nonlinear heat
conduction problems. The method of fundamental solutions with high-order
augmented polyharmonic spline (MFS—APS) is a very accurate meshless
numerical method which is capable of solving Poisson’s equation since the
fundamental solution and the analytical particular solutions of the APS
associated with the harmonic operator are known. In the solution procedure of
the Poisson-type nonlinear PDEs, the HAM is applied to convert the
considered nonlinear PDEs into a hierarchical system of linear Poisson’s
equations, which can be sequentially solved by the MFS-APS. On the other
hand, in the solution procedure of nonlinear heat conduction problems, the
Kirchhoff transformation is employed to transform the nonlinear governing
partial differential equation into the Laplace equation with nonlinear boundary
conditions. Sequentially, the HMFS is applied to solved the prescribed the
Laplace equation with nonlinear boundary conditions. In order to solve
strongly nonlinear problems, auxiliary parameters are introduced to ensure the
convergence of the HAM. Therefore, the homotopy method of fundamental
solutions can be applied to solve problems of strongly nonlinear PDEs. Several
numerical experiments were carried out to validate the proposed method.
Therefore, it can greatly enlarge the application areas of the MFS.
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The Laplace Equation in Three Dimensions by the Method of
Fundamental Solutions and the Method of Particular Solutions

Hung-Tsai Huang

Department of Financial and Computational Mathematics, I-Shou University,
Kaohsiung, 84001, Taiwan

Abstract

For Laplace’s equation in a bounded simply-connected domain Q in 3D,
the method of fundamental solutions (MFS) is studied in this paper. Although
some numerical computations can be found in Chen et al. [1], the theoretical
analysis is much behind (Li [2] only for unit sphere ). Our efforts are devoted
to exploring a strict error analysis of the MFS. The error bounds are derived,
and the optimal polynomial convergence rates can be achieved. Numerical
experiments are carried out to support the analysis made, and several useful
locations of source nodes are investigated numerically. The analysis in this
paper may lay a theoretical basis of the MFS for 3D problems, as Bogomolny
[3] and [4] for 2D problems. Besides, the method of particular solutions (MPS)
in [5] is also studied by using the spherical harmonic functions (SHF). The
optimal polynomial convergence rates and the exponential growth of condition
number (Cond) are obtained. The source nodes are located based on the
abscissas of quadrature rules on surfaces; they are “grid-like”. Since most of
3D problems, in reality, can not be simplified to 2D problems, and since the
MFS has more advantages for 3D problems in algorithm simplicity and wide
application, the study in this paper is essential and important to the MFS.

Keywords: Method of fundamental solutions, Helmholtz equation, error
analysis, stability analysis, condition number, degeneracy.
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Characteristic Adomian Decomposition Method for Riemann
Problem

Chi-Kin Chau and Tzon-Tzer Lu
Department of Applied Mathematics, National Sun Yat-sen University,
Kaohsiung, 80424, Taiwan

Abstract

The Adomian decomposition method (ADM) is a very powerful
technique to solve nonlinear problems, including ordinary differential
equations, partial differential equations (PDEs), differential-algebraic
equations, differential-difference equations, integro-differential equations,
stochastic systems and eigenvalue problems, etc. It is well known in literature
that this method yields the rapidly convergent series solution and is a typical
semi-analytic method with meshfree. For certain problems it even becomes an
analytic method that captures the exact solution.

But ADM is not perfect. It is purely algebraic manipulation to compute
solution without knowing geometry and physical meaning. We will show ADM
has trouble to solve Riemann problems alone. Therefore the characteristic
curve is chosen to assist ADM and overcome ADM's weakness. This
combination is capable to deal with first order PDEs, linear and quasi-linear,
with nonsmooth variables or piecewise initial/boundary conditions. Our
numerical experiments show the proposed combined method for Riemann
problems is far more accurate, reliable and efficient than existing traditional
methods. Finally, this new method is compared in detail with the method of
characteristics.

Keywords: Adomian decomposition method, semi-analytic method, meshfree,

exact solution, first order partial differential equation, Riemann problem,
piecewise data, method of characteristics.
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Meshfree boundary integral equation method for solving two-
dimensional interior Laplace and Helmholtz problems

Jia-Wei Lee, Yu-An Chuang and Shih-Chieh Teng

Department of Civil Engineering, Tamkang University, New Taipei City,

Taiwan
Abstract

In this paper, a meshfree boundary integral equation method is proposed.
Only boundary nodes are required for the present method different from the
conventional boundary element method that needs to generate the mesh. For
the problem of the Cauchy principal value, we introduce a local exact solution
for a boundary point. By subtracting the boundary integral equation of original
problem and boundary integral equation of local exact solution, the Cauchy
principal value can be exactly evaluated. Free of calculating the solid angle for
the boundary point is also gained. Therefore, the Gaussian quadrature is
employed only once for the above boundary integral equation, the boundary
integral equation is nothing but a algebraic equation. This is the reason why
only boundary nodes are required in the present method. This idea can also
preserve the flexibility of numerical method, hence it is suitable for any
geometry shape. In a word, there are two advantages in the present method.
One is mesh free. The other is free of calculating singular integral by using the
sense of principal value. Finally, several examples such as a steady fluid flow
in a rectangular domain, a seepage problem with a dam foundation,
eigenproblems of annular and eccentric membranes, are considered to examine
the validity of the present meshfree boundary integral equation method.

Keywords: meshfree boundary integral equation method, local exact solution,
Gaussian quadrature, steady fluid flow, eigenproblems
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